Epigenetic regulations play an important role in regulating the learning and memory processes. G9a/G9a-like protein (GLP) lysine dimethyltransferase complex controls a prominent histone H3 lysine9 dimethylation (H3K9me2) that results in transcriptional silencing of the chromatin. Here, we report that the inhibition of G9a/GLP complex by either of the substrate competitive inhibitors UNC 0638 or BIX 01294 reinforces protein synthesis-independent long-term potentiation (early-LTP) to protein synthesis-dependent long-term potentiation (late-LTP). The reinforcement effect was observed if the inhibitors were present during the induction of early-LTP and in addition when G9a/GLP complex inhibition was carried out by priming of synapses within an interval of 30 min before or after the induction of early-LTP. Surprisingly, the reinforced LTP by G9a/GLP complex inhibition was able to associate with a weak plasticity event from nearby independent synaptic populations, resulting in synaptic tagging/capture (STC). We have identified brain-derived neurotrophic factor (BDNF) as a critical plasticity protein that maintains G9a/GLP complex inhibition-mediated LTP facilitation and its STC. Our study reveals an epigenetic mechanism for promoting plasticity and associativity by G9a/GLP complex inhibition, and it may engender a promising epigenetic target for enhancing memory in neural networks.
Introduction
Gene transcription and translation play an essential role in synaptic plasticity and the formation of long-term memory (LTM) (Alberini 2009; Santini et al. 2014) . A wide array of enzyme regulates the gene transcription by epigenetic modification of the genome, either by methylating the DNA or by modifying the histones. These epigenetic regulators are known to play a critical role in the neuronal processes of learning and memory (Gupta et al. 2010; Korzus 2010; Day and Sweatt 2011; Schoch and Abel 2014) , and their dysregulation leads to deficits in learning, memory, and cognition (Sananbenesi and Fischer 2009; Day and Sweatt 2011; Roth et al. 2011; Sun et al. 2013; Zovkic et al. 2013) .
Histone lysine methyl (HKM) modification is one of the mechanisms which regulate the formation of learning and memory (Gupta et al. 2010) . The euchromatin histone methyltransferases (EHMTs) are a family of evolutionarily conserved proteins that remodel the chromatin through methylation of histone 3 at lysine 9 (H3K9) (Tachibana et al. 2002 (Tachibana et al. , 2005 . Two EHMT paralogs exist in mammals-EHMT1/GLP and EHMT2/G9a. G9a/GLP complex controls a prominent histone H3 lysine9 dimethylation (H3K9me2), which has been implicated in diverse processes, including transcriptional silencing, heterochromatin formation, and DNA methylation (Rea et al. 2000; Sims et al. 2003; Margueron et al. 2005; Martin and Zhang 2005; Vermeulen et al. 2007; Shinkai and Tachibana 2011) . G9a has been reported to be associated with cognitive deficits, brain development, environmental adaptation, motivation, drug addiction, and the memory consolidation process (Tachibana et al. 2002; Roopra et al. 2004; Schaefer et al. 2009; Maze et al. 2010 Maze et al. , 2014 Covington et al. 2011; Kramer et al. 2011; Gupta-Agarwal et al. 2012; Sun et al. 2012; Subbanna et al. 2013; Balemans et al. 2014) . A number of behavioral studies done in Drosophila (Kramer et al. 2011 ) and rodent (Gupta-Agarwal et al. 2014; Subbanna and Basavarajappa 2014; Zhang et al. 2014 ) system highlight the importance of G9a in learning and memory.
Synaptic plasticity, namely long-term potentiation (LTP), is considered as the cellular basis of LTM (Bliss and Collingridge 1993) . Synaptic tagging and capture (STC) is a widely considered model for the formation of associative memory at cellular level (Frey and Morris 1997; Redondo and Morris 2011) . STC proposes the synaptic tag-plasticity-related protein (PRP) interaction, where a tag is created by weak stimulus or a weak memory trace, and the PRPs are induced by strong stimulus or a strong memory trace in two independent synaptic inputs of the same neuronal population. It provides a conceptual basis for how the conversion of short-term memory to long-term-memory occurs in neural networks in a time-dependent manner (Ballarini et al. 2009; Redondo and Morris 2011) . We have proposed earlier that metaplasticity, the plasticity of plasticity by which the previous activity of the synapses has dramatic influence on future plasticity, can indeed govern STC processes (Sajikumar and Korte 2011 ).
Brain-derived neurotrophic factor (BDNF) is considered as one of the major PRPs known to maintain late-LTP (Navakkode et al. 2012) , late-LTD, and STC (Sajikumar and Korte 2011; Li et al. 2015) . BDNF expression is reported to increase with repression of G9a activity (Zhang et al. 2014) , and the downregulation of G9a has been found to increase the dendritic spine plasticity in nucleus accumbens (Maze et al. 2010 ). These observations substantiate that G9a may negatively regulate synaptic plasticity.
In the present study, we explored the role of G9a/GLP complex in protein synthesis-independent LTP (early-LTP) and STC in the CA1 region of the hippocampal slices. We observed that the inhibition of G9a/GLP activity reinforces early-LTP and promotes STC. We further report that the inhibition of G9a/GLP activity increases the BDNF signaling, which plays a critical role in establishing long-term plasticity and associativity.
Materials and Methods

Electrophysiology
A total of 200 hippocampal slices prepared from 105 adult male Wistar rats (5-7 weeks old) were used for electrophysiological recordings. Animals were housed under 12 h light/dark conditions with food and water available ad libitum. The Institutional Animal Care and Use Committee (IACUC) of National University of Singapore approved all the animal procedures followed. After anesthetization using CO 2 , the rats were decapitated. The brains were quickly removed and cooled in 4°C artificial cerebrospinal fluid (ACSF). The ACSF contained the following (in millimolars): 124 NaCl, 3.7 KCl, 1.0 MgSO 4 , 7 H 2 O, 2.5 CaCl 2 , 1.2 KH 2 PO 4 , 24.6 NaHCO 3 , and 10 -glucose, equilibrated with 95% O 2 -5% CO 2 (carbogen; total consumption 16 L/h). Transverse hippocampal slices (400 µm thick) were prepared from the right hippocampus by using a manual tissue chopper. The slices were incubated at 32°C in an interface chamber (Scientific System Design) with an ACSF flow rate of 1 mL/min. For more details, see Shetty et al. (2015) .
In all the electrophysiological recordings, two-pathway experiments were performed. Two monopolar, lacquer-coated, stainless-steel electrodes (5 MΩ; AM Systems, USA) were positioned at an adequate distance within the stratum radiatum of the CA1 region for stimulating two independent synaptic inputs S1 and S2 of one neuronal population (Fig. 1A) , thus evoking field EPSP (fEPSP) from Schaffer collateral/commissural-CA1 synapses. Pathway specificity was tested using the method described in Sajikumar and Korte (2011) and Li et al. (2014) . For recording the fEPSP, 1 electrode (5 MΩ; AM Systems) was placed in the CA1 apical dendritic layer. The signals were amplified by a differential amplifier (Model 1700, AM Systems) and were digitized using a CED 1401 analog-to-digital converter (Cambridge Electronic Design).
After the preincubation period, a synaptic input-output curve (afferent stimulation vs. fEPSP slope) was generated. Test stimulation intensity was adjusted to elicit an fEPSP slope of 40% of the maximal slope response for both the synaptic inputs S1 and S2. To induce early-LTP, a "weak" tetanization (WTET) protocol consisting of a single stimulus train of 21 pulses at 100 Hz (stimulus duration of 0.2 ms/polarity) was used (Shetty et al. 2015) . The slopes of the fEPSPs were monitored online. Four 0.2-Hz biphasic constant current pulses (0.1 ms/polarity) were used for baseline recording and testing at each time point.
Pharmacology
BIX 01294 (BIX; 270517, Enzo Life sciences) and UNC 0638 (UNC; U4885, Sigma), the two selective and cell permeable inhibitors of G9a/GLP histone methyltransferase (Chang et al. 2009; Liu et al. 2010) , were stored as 10 mM stocks in DMSO (dimethyl sulfoxide) at −20°C. The protein synthesis inhibitors, Emetine dihydrochloride hydrate (Sigma) and Anisomycin (Tocris), were stored as concentrated stock solutions of 20 mM in water and 25 mM in DMSO, respectively. The NMDA receptor antagonist AP5 (Tocris) was stored as 50 mM stock solution in water. TrkB/ Fc chimera human recombinant (TrkB/Fc; 688-TK, R&D systems) was dissolved in sterile phosphate-buffered saline (PBS) and stored at −20°C . The stocks were stored for not more than a week. Just before application, the stocks were diluted to the final concentration in ACSF and bubbled with carbogen to be bath applied for specified durations. The final concentration used for UNC, BIX, Emetine, Anisomycin, AP5, and TrkB/Fc was 150 nM, 500 nM, 20 µM, 25 µM, 50 μM, and 1 µg/mL, respectively. The drugs were protected from light during storage, and the bath application was carried out under dark conditions. The final DMSO concentration was kept below 0.1%, a concentration that has been shown to not affect basal synaptic responses (Navakkode et al. 2004 ).
Statistical Analysis
The average values of the slope function of the field EPSP (millivolts per milliseconds) per time point were analyzed using the Wilcoxon signed rank test (Wilcox test) when comparing within one group (with its own baseline point of −30 min) and the MannWhitney U-test (U-test) when data were compared between groups; P < 0.05 was considered as statistically significantly different (*P < 0.05, **P < 0.001, and ***P < 0.0001). The nonparametric test was used, because the analyses of prolonged recordings do not allow the use of parametric tests. Furthermore, the sample sizes did not always guarantee a Gaussian normal distribution of the data per series (Sajikumar et al. 2007 ). 
Results
Pharmacological Inhibition of G9a/GLP Activity Reinforces Early-LTP
As a control experiment, we induced an early-LTP in the synaptic input S1 by applying WTET, which resulted in a transient early form of LTP with a duration of 2-3 h before decaying to the baseline values, at which the potentials remained stable up to the end of the recording (Fig. 1B, filled circles) . The control input S2 (Fig. 1B , open circles) remained stable at the baseline levels for the entire experimental session. Statistically significant LTP was observed up to 130 min after the LTP induction (Wilcox test, P = 0.04) or up to 85 min (U-test, P = 0.04). To confirm that the early-LTP is protein synthesis independent, the protein synthesis inhibitor Anisomycin (ANI, 25 µM) or Emetine (20 µM) was applied 30 min before and after the application of WTET (see Supplementary Fig. 1A ,B, filled circles). In both cases, the induction and maintenance were almost similar to that of the control early-LTP. Statistically significant potentiation was observed after WTET up to 75 min (Wilcox test, P = 0.04) or up to 70 min (U-test, P = 0.04) in Supplementary Figure 1A , and in Supplementary Figure 1B , up to 150 min (Wilcox test, P = 0.02) or up to 145 min (U-test, P = 0.04).
Application of G9a/GLP inhibitor, UNC (150 nM) or BIX (500 nM), for a time window spanning from 30 min prior to induction until 30 min postinduction of early-LTP in input S1 resulted in the reinforcement of early-LTP into late-LTP for a duration of 4 h (Fig. 1C,D, filled circles) . Control responses from S2 in both cases remained stable at the baseline levels (open circles). Posttetanization potentials after WTET in both cases expressed statistically significant potentiation up to 240 min (U-test and Wilcox test, P = 0.0156).
Next, we investigated whether protein synthesis and NMDA receptor activity are required for the reinforcement of early-LTP that resulted due to the inhibition of G9a/GLP complex. Protein synthesis dependency was tested by bath applying 25 µM Anisomycin together with UNC (Fig. 1E) or BIX (Fig. 1F) during the induction of early-LTP. The same experiment as in Figure 1E ,F was repeated with another structurally different protein synthesis inhibitor Emetine (20 µM; Fig. 1G,H) . Both Anisomycin and Emetine treatments abolished the reinforcement effect exerted by the inhibition of G9a/GLP complex (filled circles, Fig. 1E-H) . Potentials in S1 of Figure 1E stayed statistically significant up to 60 min after WTET (Wilcox test, P = 0.02) or up to 55 min (U-test, P = 0.01) and in Figure 1F up to 85 min (Wilcox test, P = 0.04) or up to 70 min (U-test, P = 0.02). The experimental series in which Emetine was co-applied with UNC showed statistically significant potentiation lasting up to 90 min (Fig. 1G , Wilcox test, P = 0.04) or up to 65 min (U-test, P = 0.04), whereas in Figure 1H , the significant potentiation lasted up to 110 min (Fig. 1H , Wilcox test, P = 0.02) or up to 75 min (U-test, P = 0.04). The control input remained stable throughout the recording period ( Fig. 1E-H, open circles) . NMDA receptor dependency was tested using its antagonist AP-5 (50 µM). After recording a stable baseline for 30 min, AP-5 was co-applied with either UNC or BIX for another 60 min (Fig. 1I,J) . WTET in the presence of AP-5 together with UNC or BIX completely prevented the induction of LTP and its subsequent reinforcement (Fig. 1I ,J, filled circles). Statistically significant potentiation was not observed either at any posttetanization time points when analyzed with its own baseline (Wilcox test, P > 0.05) or with its control (U-test, P > 0.05). In short, the reinforcement of early-LTP by the inhibition of G9a/GLP activity requires NMDA receptor activity and protein synthesis.
Priming Stimulation by the Inhibitors of G9a/GLP Complex Reinforces Early-LTP
G9a/GLP complex is an epigenetic regulator, and its effects could be long lasting. We were intrigued to know whether the G9a/GLP inhibitor has to be present during the induction of early-LTP to be effective for the observed early-LTP reinforcement, or whether it is sufficient to apply the drugs at any time before or after WTET. As shown in Figure 2A ,B, after a stable baseline of 30 min in S1 and S2, either UNC ( Fig. 2A) or BIX (Fig. 2B ) was bath applied for 1 h and washed out for 30 min before the induction of early-LTP in S1 (filled circles). Surprisingly, priming stimulation by UNC or BIX for 60 min and wash out for 30 min before WTET still transformed early-LTP to late-LTP ( Fig. 2A,B, filled circles) . Statistically significant potentiation was observed after WTET up to the end of recording period of 4 h ( Fig. 2A,B , Wilcox test, P = 0.027, U-test, P = 0.005). The control input S2 remained stable throughout the recorded period of 6 h ( Fig. 2A,B, open circles) . In the next series of experiments, the interval between the wash out of UNC or BIX and the induction of WTET in S1 was increased from 30 to 90 min (Fig 2C,D) . In both cases, a stable baseline of 30 min was recorded in S1 and S2 before starting the priming stimulation by UNC or BIX for the next 60 min. The drug was washed out 90 min before the induction of early-LTP. Interestingly, early-LTP in Figure 2C ,D (filled circles) failed to show the reinforcement effect by the drugs. In Figure 2C , statistically significant potentiation was observed up to 155 min after WTET in S1 (Wilcox test, P = 0.04) or up to 160 min (U-test, P = 0.02). In Figure 2D , statistically significant potentiation was observed up to 90 min after WTET in S1 (Wilcox test P = 0.04, U-test P = 0.02). Control input S2 remained stable during the entire recording period (Fig. 2C,D, open circles) .
Similar experiments were repeated, but the drug was applied at different intervals after the induction of early-LTP. In a first series of experiments, either UNC or BIX was applied 30 min after WTET in S1, which resulted in the reinforcement of early-LTP to late-LTP (Fig. 2E,F, filled circles) . However, application of either UNC or BIX 2 h after the induction of early-LTP had no effect (Fig. 2G,H, filled circles) . In Figure 2G , statistically significant potentiation was maintained up to 145 min (Wilcox test, P = 0.027) or up to 140 min (U-test, P = 0.02). The control potentials from S2 of Figure 2A -H were relatively stable except in Figure 2E (open circles) where a slight shift was observed till the end of the recording but did not show statistically significant potentiation at any points in comparison with its own baseline (Wilcox test, P > 0.05). The results suggest that the inhibition of G9a/GLP activity reinforces early-LTP to late-LTP in a temporal manner.
G9a/GLP Inhibition Promotes Synaptic Tagging/Capture
G9a/GLP inhibition-reinforced early-LTP, which is NMDA receptor and protein synthesis dependent, needs to be investigated for associative interactions such as STC. To test this idea, a paradigm similar to "strong before weak" Morris 1997, 1998) was used where the reinforced early-LTP is analogous to "strong" and the normal early-LTP is analogous to "weak." After a stable baseline of 30 min in S1 and S2, an early-LTP was induced in S1 by WTET in the presence of either UNC or BIX (Fig. 3A,B , filled circles) followed by WTET in S2 120 min after the induction in S1 (thus drug was washed out for 90 min before WTET in S2, a time frame that was shown to have no effect in reinforcing early-LTP in Fig. 2C,D) . Interestingly, early-LTP in S2 was transformed to late-LTP-expressing STC. Statistically significant LTP was maintained up to 6 h after WTET in S1 and S2 (Fig. 3A ,B, Wilcox test, P = 0.01). The same experiment performed without the G9a/GLP complex inhibitors resulted in normal early-LTP in both S1 and S2 (see Supplementary Fig. 2 ). To confirm whether the synaptic tags set in S2 (Fig. 3A,B) due to early-LTP captured the newly synthesized PRPs from the LTP reinforced by G9a/GLP inhibition, the STC experiments were repeated with Anisomycin and Emetine. Figure 3C -F represents G9a/GLP complex inhibition-mediated STC experiments in the presence of either Anisomycin (25 µM, Fig. 3C ,E) or Emetine (20 µM, Fig. 3D,F) . In all cases, the protein synthesis inhibitors were co-applied with either UNC or BIX. Protein synthesis inhibition along with either UNC or BIX in S1 not only prevented the maintenance of late-LTP but also its expression in S2, eventually preventing the expression of STC (Fig. 3C-F, filled circles and open circles) . (C,D) Same experimental protocol as in A,B, with the exception that the corresponding drug was washed out for 90 min. Here, early-LTP was not reinforced (C, UNC, n = 7; D, BIX, n = 7). (E,F) Early-LTP was reinforced when G9a inhibitors UNC (E, n = 7) or BIX (F, n = 7) were bath applied 30 min after the LTP induction by WTET. Control potentials (open circles) were relatively stable except in E, but the difference was not significant (Wilcoxon test, P > 0.05). (G,H) Same as in E,F, with the exception that the drug was bath applied 120 min after the WTET. Here, neither UNC (G, n = 6) nor BIX (H, n = 6) could reinforce early-LTP (filled circles). Control potentials (open circles) were stable throughout the recording. Error bars indicate ±SEM. Symbols and analog traces as in Figure 1 .
In Figure 3C ,D, statistically significant LTP was observed in S1 up to 75 min (Fig. 3C , filled circles, Wilcox test, P = 0.04; U-test, P = 0.02) and up to 110 min (Fig. 3D, filled circles, Wilcox test, P = 0.04; U-test, P = 0.02). S2 showed statistically significant LTP up to 160 min (Fig. 3C, open circles, Wilcox test, P = 0.04; U-test, P = 0.04) and up to 200 min (Fig. 3D, open circles, Wilcox test, P = 0.02) or up to 160 min (U-test, P = 0.04). Similarly, statistically significant LTP was observed in S1 up to 85 min (Fig. 3E, filled circles, Wilcox test, P = 0.04; U-test, P = 0.03) and up to 75 min (Fig. 3F, filled circles, Wilcox test, P = 0.03; U-test, P = 0.01). S2 showed statistically significant LTP up to 200 min (Fig. 3E , open circles, Wilcox test and U-test, P = 0.04) and up to 175 min (Fig. 3F , open circles, Wilcox test and U-test, P = 0.02).
Inhibition of G9a/GLP Complex Promotes LTP and STC Through Brain-Derived Neurotrophic Factor
To elucidate the underlying molecular pathway involved in G9a/ GLP-mediated regulation of LTP and STC, a series of experiments using TrkB/Fc (chelates BDNF) were conducted. A recent study by Zhang et al. (2014) reported that the repression of G9a activity led to an increased expression of BDNF in the amygdala of mouse.
We tested whether the same is applicable also in the CA1 region of hippocampus. To investigate the possible role of BDNF in the G9a/GLP inhibition-mediated LTP, TrkB/Fc (1 μg/mL) was co-applied with either UNC or BIX (Fig. 4A,B) , and WTET was applied to induce early-LTP 30 min after the bath application of drugs. Surprisingly, the reinforcement of early-LTP by UNC or BIX was prevented resulting in early-LTP lasting up to 105 min (Fig. 4A , filled circles, Wilcox test, P = 0.027) or up to 65 min (U-test, P = 0.013) and up to 60 min (Fig. 4B , filled circles, Wilcox and U-test, P = 0.02).
To further probe the possible involvement of BDNF in G9a/GLP inhibition-mediated STC, the experimental design used in Figure 3 was employed, but TrkB/Fc was co-applied for 60 min either with UNC or BIX (Fig. 4C,D) . Similar to Figure 3C -F, S1 potentiation was statistically significant till 200 min (Fig. 4C, filled circles, Wilcox test, P = 0.04) and up to 135 min (Fig. 4D, filled circles, Wilcox test, P = 0.025). S2 exhibited early-LTP with a significant potentiation until 210 min (Fig. 4C, open circles, Wilcox test, P = 0.035) and up to 240 min (Fig. 4D, open circles, Wilcox test, P = 0.035). These results provide compelling evidence that BDNF is a key molecular player in maintaining LTP and STC during G9a/GLP inhibition. 
Discussion
Extensive research has highlighted the critical role of epigenetic modifications in the regulation of learning and memory (Barrett and Wood 2008; Sweatt 2011a, 2011b; McQuown et al. 2011; Zovkic et al. 2013; Benevento et al. 2015 ). However, a majority of these studies are focused on the involvement of histone acetylation and deacetylation mechanisms in the mnemonic processes (Barrett and Wood 2008; McQuown et al. 2011) . Over the past decade, the focus is shifting toward another prominent epigenetic mechanism of histone lysine methylation (HKM) by G9a/GLP complex (Schaefer et al. 2009; Maze et al. 2010; Gupta-Agarwal et al. 2012; Subbanna et al. 2013; Subbanna and Basavarajappa 2014; Zhang et al. 2014) . In the present study, we have examined the regulation of cellular forms of plasticity and associativity by G9a/GLP complex in the hippocampus. Our findings depict that the inhibition of G9a activity reinforces early-LTP in a protein synthesis and NMDA receptor-dependent manner. The current results are not consistent with the previous findings by Gupta-Agarwal et al. (2012) in which they reported the inhibition of LTP in the Schaffer collateral synapses in area CA1 of the hippocampus (SC-CA1) in the presence of BIX. The concentration of BIX used in their study was double (1 μM) that of what we used in our experiments. In addition, the authors used high-frequency stimulation that generally leads to protein synthesis-dependent late-LTP, whereas in our case, we induced protein synthesis-independent early-LTP Shetty et al. 2015) . It can be speculated that in the above study, the usage of BIX along with high-frequency stimulation may have led to the excess protein synthesis leading to the impairment in the maintenance of late-LTP. Indeed, some of the earlier findings corroborate this assumption that excessive protein synthesis interferes with expression of late-LTP (Banko et al. 2005; Costa-Mattioli et al. 2005 ).
Our results suggest that the reinforcement of early-LTP to late-LTP occurs in two conditions: 1) by direct inhibition of G9a/ GLP complex during the induction of early-LTP and 2) by priming stimulation that occurs before or after the induction of early-LTP. Interestingly, we observed a time frame of 30 min before or after activity to see the reinforcement effect by G9a/GLP complex in the latter situation, similar to that of the metaplastic condition reported earlier (Sajikumar et al. 2009; Sajikumar and Korte 2011) . It has been accounted that metaplasticity tunes the synaptic networks of long-term plasticity and memory by altering the capacity of a synapse to undergo plastic changes in the future, and it follows a specific time interval (Hulme et al. 2013) . Indeed, we have earlier reported such a time frame that promotes plasticity (Li et al. 2014) . Metaplasticity lowers the plasticity threshold thus facilitating the synapses or neural networks for coding memory on a long-term basis (Sajikumar and Korte 2011; Hulme et al. 2013; Li et al. 2014 ). We could not observe a slow onset potentiation during or after G9a/GLP inhibition in the baseline condition. This indicates the failure of initiation of synaptic tag machinery, wherein the PRPs production may not be discernible until the initiation of an activity in the form of an early-LTP. Expression of late-LTP by G9a/GLP complex inhibition provides compelling evidence that this epigenetic regulator can also play a critical role in deciding the future plasticity of a synaptic network. Our study provides the first evidence that the reinforced LTP mediated by the inhibition of G9a/GLP complex can participate in the STC process. STC is considered as one of the major contributors of associative plasticity and memory at cellular level. It can be assumed that the epigenetic regulation by G9a/GLP complex plays an important role in the formation and maintenance of associative memory. The observed prolonged time interval of 120 min for STC in this study is similar to our earlier observation, which reported that a tag-PRP interaction could occur even after 3 h (Li et al. 2014 ). The extended interval for the functional interaction between tag and PRPs offers intriguing possibility for neural computation at neural network level (Govindarajan et al. 2006; Clopath et al. 2008) .
Considerable evidences highlight that BDNF-and TrkBmediated signaling has a functional role in the consolidation of synaptic plasticity and STC (Korte et al. 1995 (Korte et al. , 1996 Barco et al. 2005; Gartner et al. 2006; Lu et al. 2011) . Furthermore, it has been recently reported that the repression of G9a, either by conditional mutagenesis or by viral-mediated gene transfer, increases the dendritic spine structural plasticity of nucleus accumbens neurons (Maze et al. 2010) . BDNF plays a crucial role in the activity-dependent structural plasticity (Tanaka et al. 2008; Sciarretta et al. 2010 ). BDNF knockdown is reported to result in a decrease in the spine density (Kellner et al. 2014) . Our study suggests that BDNF is a critical regulator of late-plasticity and STC during the inhibition of G9a/GLP complex which is consistent with an earlier report suggesting BDNF and its receptor TrkB to be PRP and synaptic tag, respectively (Lu et al. 2011) . We provide further evidence for the necessity of BDNF signaling for G9a/GLP inhibition-mediated late-LTP and STC. We conjecture that this G9a/GLP inhibition-mediated late-LTP and STC can be attributed to the global generation of BDNF (Fig. 5) or the release of preexisting BDNF protein and/or the local translation of dendritetargeted BDNF in an activity-dependent manner (Egan et al. 2003; Tanaka et al. 2008; Matsuda et al. 2009 ).
The phosphorylation of TrkB that succeeds its binding to BDNF triggers mainly three intracellular signaling cascades: 1) Phospholipase C-γ (PLCγ)-Ca 2+ pathway, 2) phosphatidylinositol 3 kinase (PI3K)-Akt pathway, and 3) the Ras-mitogen activated protein kinase (MAPK) pathway (Kaplan and Miller 2000; Minichiello 2009 ). PLCγ pathway can lead to generation of secondary messengers; diacylglycerol (DAG) and inositol-1, 4, 5-trisphosphate (Ins (1,4,5) P 3 ) (Pang and Lu 2004) . DAG can stimulate the formation of protein kinase C (PKC) isoforms required for LTP maintenance (Sweatt 1999) , whereas Ins (1,4,5) P 3 can trigger the release of Ca 2+ from intracellular storage. These Ca 2+ ions will subsequently activate Ca 2+ /calmodulin (Ca2 + /CaM)-dependent protein kinases such as CaMKII and CaMKIV (Minichiello 2009 ). These protein kinases will facilitate AMPAR insertions into the postsynaptic membrane to maintain LTP. Similarly, PI3K-Akt pathway can lead to the activation and insertion of AMPAR into the postsynaptic membrane (Mizuno et al. 2003; Minichiello 2009 ). MAPK pathway maintains LTP by activating ERK signaling downstream (Sweatt 2004) . This can lead to activation of CREB via nuclear phosphorylation to initiate gene transcription of plasticity proteins (Pang and Lu 2004; Minichiello 2009 ). We have reported earlier that molecules such as CaMKII, CaMKIV, atypical PKCs, and MAPK are critical players by acting either as a synaptic tag or as PRPs during the establishment of STC (Navakkode et al. 2004 Sajikumar et al. 2005; Lu et al. 2011; Sajikumar and Korte 2011) . It is likely that one or multiple of the above-mentioned pathways are acting synergistically during the establishment of plasticity and STC during G9a/GLP complex inhibition.
Together, our findings demonstrate that the inhibition of G9a/GLP activity promotes LTP and facilitates STC by increasing the BDNF signaling. The effects observed are temporal with a time window of 120 min. Our results highlight the importance of epigenetic regulation of synaptic plasticity and associativity in the hippocampus and provide an evidence for the crucial role of BDNF. We emphasize that in the present study, the inhibitors (BIX-01294 and UNC0638) were administered only for a short duration (60 min), while in most of previous studies, cells or tissues were treated with these inhibitors for days or even weeks before observing decreases in H3K9me2 levels (Kubicek et al. 2007; Maze et al. 2010; Laumet et al. 2015) . Our future studies will delineate the molecular mechanisms underlying long-lasting LTP and STC mediated by the inhibition of G9a/GLP complex.
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